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nucleic acids which comprise nucleotide analogues are 
bound to oligonucleotide and oligonucleotide analogue 
arrays. 
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stratl^^^ in arrays on so.« sub- 

logues. The invention therefore relates totSmSSZ^^ T ^ ^ °° mpri6ed of nucleotide ana - 
^"9 related * P °' ymere « solid substrates 

BACKGROUND OF THE INVENTION 

' J? d , a,e,0 P ment of ver V "arge scale immobilized polymer synthesis fVL <iiP«?™» t~h„ , 

methods for arranging large numbers of oliaonucleotid/Zhl V ^ „ } technol °9y provides pioneering 
07/805,727 and PCT patenUlicat^ U.S. applfcation. SN 

erence for all purposes. U.S. Patent application Serial Z omJ£?%L ? 1 * ' S ,ncor P° rated her ein by ret- 
ail purposes, descrbes methods for ^Z^o Z^T' ? 'T 25 ' 1993 ' a " d """P"** herein for 
plete sequence of a target nucleic acid K SJ^ ^^^^^ * determine the com- 

VLSIPS™ techno!og7 Prides ^S^T^ T - 3 nude,C acid «» a ^ified sequence, 
for sequencing by ItfSS^TSR 8 ; EK^tJEJtT^ * miniatUn ' Zed «*°™^ arrays 
forensicanalysis. Other ^ca^M^S^Z^T ° r diseases, and 

complexes and other po^er^rim?^ 

SUMMARY OF THE INVENTION 

ana^uT^ 
^tingo^eotideana,^ 

numb T ri^mS — * * — — by the 

the array has from 10 up to m£i£E£2E£5Z^ 1 aPP "' Ca,i0a 0ne ^ 0f em ^" te . 
between 100 and 10.000 members^^* * ■* 0 *""* *• "V have 

members. In preferred embodiments £ arrWS hav^S^Z , !f ^ b6tWe6n 10 " 000 ^ 1 ' 000 - 00 °0 
cm*, or more preferably, m^SZ^^Jfi^T^ 100 memb9rs at •«*" '^ons per 
man 10.000 members per cm 2 P ' S ° me embodlfn ents, the arrays have a density of more 

- i^zssssr* n,Kteoswe aoa,otues inoowaM *•» *• « „ ^ 



45 




50 



"C,^^ methyl, hydroxy. a,oxy (e,.. 

azido. and wherein Y is a heterocyclic moTty e a a ' SSS^SS^T^ and 
logues. pyrimidines. pyrimidine analogues Z^^t^.^^?"** COnSiStin9 of P urines - ™* 
of forming one or more hydrogen hon*^^^ 

stranded nucleic acid or nucleic ai^Z^E?^ ° n altemate Slrands ^ a doub| e- °r triple- 

hase-stacKing ^ractions^ a^ T** * ™*«W*or 

logues are not constructed from nucleosides bu aS SSu T? ^ 6mbod,mante . «he oligonucleotide ana- 
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SSSrSil S^S&"»" "** « "* ^ — bo* t0 . 

^^^^ 

us,ng tec, polymerase in a PCR reaction Thus 31 '^P™" 1 "* polynucleic acid analogue 

fied in a PCR or RNA amplification p^^?^^"^ 8 t0 be ""^ is typically anipK- 

amplicon is hybrids t7a nudeic %Sl^ 

provding the array or target nucleic aid rift ^SSSSSS ^ ^ ™ S haS *• * 
te^suchasthe^ 

ture. The libraries also include oligonucSaS £ °" 90nuclectide anatogue-containing struc- 

as "™™'ecu^^ 

ture of .merest. For instance, the array of olloonudSS fnallt ^ 8 hM chemical *™~ 

each member having the formula: Y-V-i-^S * JEI?T * ' nClUde 8 ^ ,urality differert ambers 

olig^udeotidescontainingatleastonenucleotideanaio^^ * and are conplementary 

length such that tf and X 2 form a double-stranded ota^ 

molecular double-stranded oligonucleotide analogues ^0^-^ * *^° h membera ^sea library of uni- 
o«de are arrange to present Ldety S 

the arrays are optionally confornTo^^^^^ of thearraj. For £22. 

Plementary oligonucleotides or *igonucS^ Wherein *" «* ™» com! 

"iterest. analogues and Z is a chemical structure comprising the binding site of 

^ * ! - incuding light- ■ 

subslrate is prepared for synthesis or attacnmemrtdCS ° f ,h6S0lid substrate - T" 6 •»» 

glass is prepared by treatment with silane reagente ° l,9 ° mCle0t,des * frea,men t "*h suitable reagents. For example. 

resuffing hybridization pattern is determined Z ta^Sl* 9 f H**"** * hybridized to »» a ^ «"d the 

attached to the solid substrate by formin ^ZK^nSf* embod,ment ' 1,16 oligonucleotide members are 
selected monomers in sad chants to^^^ta^?^ 1 ° *• SUrface of said P'acing 
regions, wherein the portion of the selec.2 region 5S232S2T *, predetermined of selected 

analogues in at least one other of the selected rSoSTn^^« i de analo 9"OS different from oligonucleotide 
ond portion of the selected regions The S? S S 0 ^ 09 ^ 8tape wi,h ,he channels along a sec 

DEFINITIONS 

refers to a polymer with two or more monomer^ TT™1 IS ^ ^ «**»■ 
mon with a naturally occurring oligonucleotide ^hich a LTto h^b Si« T 8 ^ StrUCtUral ,eatl,res in 
soiubon For instance, structural groups ar P cionSv 2£i t whl I W '* h 3 natUrS " y "^"B oligonucleotide in 
f" ^-« e < such as a me^y, or al M g^a h ^0 SS^X * T * 3 nUC,80sWe for ^^on into 
for the 2'0 group, or a bromo group on h* ribonuc Mr ^1 t ? r *T' °' a fluoro 9™P which substitutes 
ba*one" of tie oli B cn,cleo t ide 8 r^^S^^ W fa **■» or ^flar^osphate 
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gonudeotide which is made entirely of n^S^Z^TX However - a " * 

except™ of a protecfing group on the end of teSdSS s7c L f^T®" 9 DNA • ™A), with the 

nbose or D-2-deoxyribose. Nucleotides are pto^SX^T*^ " PijlyC0Side derivatives <* D ' 
to the hydroxy group s on the phosphate. Tl»^32Sj^l2^ " h * *• flenera,,y acidic in so, "«°n due 
« a ^othe3>osi.ionc^^^^ 

Side analogues are molecules with structural ZL^Tl l tt P ^ NuCle0tide ana,0 9 ues an <*>°' "ucleo- 
cussed above in the context of digonucleoti^S 0CCU,Tin9 nUC,e0tid6S W nuc,eosides as dis ' 

« nucleoside reagents, nucleoside phosphate™^ as nuc,eotides . ""cleotide reagents 

m.d«es. "^sidephosphona^^^ phosphoramidites. phospW 

a reacts or activatible. phosphoryl or phosphonyt aL]l in oSS » Sfl? ** reaflents «** 

A 'protecting group" as used herein refer* tn 1™ m 3 I* 0 **"*** linkage. 

«whi.eac^ 

^eopttonallyaryofthoseg^upsdesc^bS 

John W,ley & Sons. New York. NY. 1991. which isTom^lt ? "* Gw 0,9a/ " b C/,e/ "«^. 2nd Ed. 
groups for a particular synthesis is OwJXKSSJSST ^'fT* ^ Pr0per 8e,ection Meeting 
d.rected"synthesis. discussed herefn, the P 7oSS s T r f n S f^'° yed ,n *• s * rthesi * -"Hk in "light 
and those disclosed in co-pending ApplicaW ^S^oSSJSJT^ ^ SUCh 33 NV0C - MeN ^ 
ence. In other methods, protecting groups are r«»^ ,252 2*?* 1993,1 derated herein by refer - 
and others known to those of skilhn the art * em,Cal meth0ds and inc,ude 8W such as FMOC DMT 

P° u "*«h.ch have an atom orag/oipofato^ 
naturally occurring nucleic acids ad1nine(^^^^ 

occurring molecules such asa-amino-adenine, d£XZS%^^ 0r ,ess commonl f 

A "purine analogue" has a hetern™-!,,. ^ 2-methylguamne. 

atomsissubsthutedLanSmlrC :Z ^S,^ ln ,,,, *^ 8 ^ in «* ic " a " *™ or group of 
heterocyclic ring are replaced by C atora ^ 

acid bases cytosine. thymine. Lc7tZ^ ne ^T^T ^ 

bromo-uracil. etny.cytos.ne and 5-hydraxymethylcytosine. or the non-naturally occurring 5- 

bxample of solki substrates include ^e^^antys ^ "* 9r00ves ' wel,s «*» 
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DETAILED DESCRIPTION 

5 

arefound in, forexample. OtjrwdESS^ 

Kuijpers Aft** *** R esearch , 8(1 7) sS?SJ ^???I£?? , < ?* / ? Ct ' ' RL PreSS ' 0xforel l ,9B «* WKA 

" Agrawa. ( ed.) Methods in Molecular B^l ZS^fT^ °* ^ ^ 5767 " 5773 and & 

for all purposes. Synthesizing uni™.^^ 

appfctfon SN 08/327.687. which is incorporated hSSl* ^ b66n deSCribed ' See - W*0 

.3,^0^^ 

» No. WO 90/15070) and Rxtor e/a/.. PCT rtS^ % ^f^* 1 ^ (See ** PCT 

which disclose methods of forming vast arravs of ™*hL "2 92/1 ° l ° 92 ' wh,ch are incorporated herein by reference, 
light-directed synthesis techniques £ ^5S^ f 2E7S^J? m ° ,eCules usi " Q - for —I*, 
by reference for all purposes. These pro^ur^Zi^J^ 251 ' 767 ' 77 which is grated herein 
cedures. ^wures tot synthesis of polymer arrays are now referred to as VLSIPS™ pro- 

20 ataSe^rS^ 

07/980,523. ^dha^of^« JS^KJ^ ^ ° 7/796 " 243 

» synthesis and weening of combinatoriS ST^S?? h *• f ieldS 0f ««««« 
25, 1993 (incorporated herein by reference) dSte mSL ^^1^ ^ Se " al N& 08/082 -937. filed June 
used to check or determine a partial or Sm^^ZTT * T " 9 ^ ° f 0,i 9onucleotide probes that are 
nudeic acid containing a specific <CSffJSST ° ^ ** ,0 *• pr6Sence * a 

so Combinatorial Synthesis of Oligonucleotide Arrays 

then ready to react with incoming P f hS£ n?S^ 

midites react only with those sites JS^SSZ fStaSST* ^ ^ 2 ' The ph ° Sphora - 
group). Thus, thephosphoramiditesonly add tolS^^^^^Ji™^ ° f * e photolabi,e blo =^9 
are repeated until the desired array of 2S2LT!? d T ^ Pre *" ln8 711656 *»» 

i of different oligonucleotide analogues aSm^Zn^ T * SOhd SUrfaCe " Ma* 
ing synthesis and the order of aoWo^ 

3-afy™ 

mi deSor;r^= 

nudeic adds mlh high spedlidiy, „„, a „ coniS 3^2?' " eC " C " ls "* c * aW « of binding to 

Hybridization of Nucleotide Analogues 
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overall duplex stability is low. In order to ootimize mE£f ' * } d,8crimmate mismatches very well, but the 
proves a variety of Leotide anSes^ 

; Altering the thermal stability (T ) of thp h,T 7 P 0 '^ attached in an array to a solid substrate. 
nudeotideLo^^ , 9 , knownoligo- 

mg the T m arises from the fact that Adenine tZ^^ One useful aspect of alter- 

duplexes. due in part to the fact that the S £2 S^lEI ,0W6r > than ^nine-Cytosine (G-C) 
have 3 hydrogen bonds per base pair. In heteroqen^^o 0 „ 1 Sf 8 P6r ba8e " pair> while the G " c 

o tionof bases, itcanbedifficu^ 

iments, it is desirable to destabiL SSSh^S^S^^ Probes simultaneously. Thus, in some embod- 
maimainingthesequencespecificityof " ^ du P ,exes wh « a 

nudeotides in the probe (or the target) wilt, cerj" mSf L ^1 f'. reP ' aCin9 ° ne 0r more of the *** 
dues with 7-deazaguanine. for exarr^e SpSS SSzZ? ^ " UC,eotides of guanine resi- 

r 2.6-diamino P urine wil. enhance duplex stab^A ^ 

acids to enhance or decrease overall duplex stWwS ™w m0C " f ,ed | bases « incorporated into nucleic 
6-aza W rim«ine analogs into oligonudSe^^^^ 

nucleic adds. Many 5-substituted pyridines leases their tending affinity for complementary 

substituted in place of the natTpy'S^^ ' 6 *?* of "» *** they have Zn 

(im.dazol-2-yl)-and 5-(thiazol-2-yl)- derivatives of cytosine and uracil 65 ' nCUde 5 " l5romo "' 5-methyi-, 5-propynyh 5- 

terns (Minneapolis, MN) Pharmada LKR 9 ,» GMA chemical """Pany (Saint Louis, MO) R&D svs- 

CA), Chem Ge^esC ^^1^ gIr^ * ^ 

ogies. Inc. (Garthersberg. MD), Fluka Chemica Z \ , « \ 6Search ' lna ' GIBC0 BRL ^ Technol- 
9 en. San Diego. CA. a,5 ***5£^g^^J5?* Chemie AG ' ^ ^eriand). Invitro- 
one of Ml. Methods of attaching base. to S ■roSlS.Slf T ? ^ COmmerdal ««» ^ to 
"ocka (1991). Nuclide SynttZss: Or„c^M e *lT« T^f. ™ hno " n - Se * **■ **** and Zab- 
and the references therein Methods ^X^I^^T ^ CN * ii,Br - West Sussex - En 9'^ 
otides into oligonucleotides are aJso I^TST"^ 

Ar **^. Synthesis and Pwx^ (^ Protocols for Oligonucleotides and 

references therein. See a/so. Crooke and LeSeu . a^ SdSKlfS "T™ ^ * ^ and 

Groups are also linked to various positions on the nudESIl?*- r ^ enCeS Cited ,herein ' W 
may stabilize the duplex by electrostL ^ 

hydrogen bonding interactions in the ^Z^^ F "TZl ^ Ph0SPhat6 baCkbone - or 
optionally substituted at the N^posibon with an ii 

logues such as 3-nitropyrrole M^^l^SSSSS^- T~", **" Universal 15386 ana " 

bility through base stacking interactions * M ** n d* 0 ™****" probes to improve duplex sta- 

base mismatch has a greater destabilSng S on JSISK^u^" ^ 1,16 ° CGUrrence of a **" 
of hybrids decreases with length, in sort* £l 5L22E ♦ "J* ^ l * mo *«* stably 

bally. Certain medications of the sugar r^^ ^Tj ^ for ^ ^ 

to increase the affinity of probes for JSS^SSS^^ "f Stabilirat '° n " and ran be "^d 
and 2'-0-allyl-oligoribonudeotides have KmZ^TaZT^ T* Forexam P le - S'-Oiwpyl-. 
fied counterparts. Probea comprised of 2 1^^^ 

than do their unmodified counterparts deoxydlgor.bonucleot.des also form more stable hybrids with RNA 

ages with phosphorothioate or p1ioJ£KS£T^^ 

sequencespe^idty.Substitirtions^aToS erS dUp,ex 8taM ^ without af tect'"ng 

istry) have a stabi« a ng influence 

enhanced duplex stabilization. The phosphate Z T™ Phosphoramidate linkages also result in 

•natural linkages which have been ^iSSiS^lr 9 ^ ° f 0ther *»» 

cations inAntisense Research ^^^^^^tT^^ (e * } (1994 > mort//- 
nucleic adds and probes comprised JZZ'^^^S^-^ 1 ^ ^ rifte a ' e fo '»^ between 
replaced with a polyamide structure. ,he '- nf "' e su 9ar-phos P h a te backbone has been 
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Internal structure within nucleic acid probes JwZZ. 1 ^ ™A targets. 

GC,ich sequences, and sequence For examp.e 

h-gher-order structures, and this can inhibil SbiZL £ G resk,ues self-associate toSm 

J. Mo, Bio, 92: in; Kim (1991, aS wl^^^'^™™- anrngrmmSl flS 
• 0989) *». 342: 825. ieseLcTJ e S^SS^!?? ^ ** 36 * a " d Sunquia and S 
dues with one or more of the following purines £ * *" * 0ne or «» 9«-*» 2 

these problems. For example, exposure to acidic c«SIf •. Chem ' Stry ran be "l*** to overcome 

'XT ^ ?—» 8nd ^ nudges, ulS; 

with 7-deazaadenine and 7-deazaauaniroT r«r^,,L 1? * ln 1,115 adenin e and guanine are r?ri*rJ\ 

r?i h ^ h, ' 9her bindin 9 affi "^ K»5lm«S12^ m °J rf !°^. For example, oligonucleotide 
methyl, 2'-0-pro P yl, and2'-0*lly| oligonuSSeTcan 2 ££f Unm0dified ^nDarts (e.o.. 2'-5 

(deazaguanine, S-aza-l^eazagmninel-ZT^i^ ,nco Watai .nto oligonucleotides with modtfied basi 
Phosphonate linkages or neutral or *° Xanthine and *• Hke) wth ""^ST 

mation between the oligonucleotide and a tSSS^S^^ * **«-ta of duplex £. 

2 -°™thyi-2,6«iiaminopuriner^ 

jnoorporated into peptide nucleic ackds, in 2X22"? T" 1 * 1 158868 described "erein'caTbe 

mide stru «uf e. ™ m,r * ^ar-phosphate backbone has been replaced with a polya- 

Thermal equilibrium studies, kinetic "on-rate" studio »^ 
a ^9etoligonucleotideandprobeorp^ 
duplex formation «nth target oligmudJoti^ 

probes are ascertained by following, e.g., fluoresced slSJi22S 2?™* by USi " 9 oli 9onucleotide analogue 
wth a target oligonucleotide over time The date nnf T * * ol, 9° nuc| eotide analogue arrays hybridized 
temper (for simp|ifjed «*«*n of specific hybridization ocJoTHon. at e.^m 

that the more stable duplexes generate hiaher si^TilTn^ Z ™" that s ' 9nal intens «y increases with time and 
Plateau or "saturate" after a ceL am 0 ^ 

for ophrmzabon of hybridization, and determination Tnl^S? ^ beCOmin9 occu P ied data allow 
Graphs of signal intensity and base misrnaS, noSt T™ 1 * 0 " 8 at a * 8ciftad temperature. 

***•*» »*'« C»»p*e NudeoU, tnteues 
« "to ampStaft, mst!Ms 5ulll or q„ Si^f! P V ""»>**««< into laraa nuc i eic aajs „*„ 
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5 G/dG. 6-diaminopurine nucleotWes sube^T^T^ * econ * ,ry structure ,n sequences containing runs of poly- 
Tor U rteh probes. 5-pSn^ 

enhance target 6 ^ te * "*«- «**fc-"5 

natural nu.eo.des to enhance targe* hyUation to^yS^ * 

s^mftesfc ofS'-photoprotectedZ-O alkyl ribonucleotide analogues 

dine, cytidine. adenosine and guanosine Jth^S J h ^ {& f ' analo 9 ues of uridi ^. thymi- 

Phoramidite nx,nomers. ComSerciX IS 

CI {di^-methoxyphenyDphenylchlorWe} in u SSS of ^n'S "^'f^? 6 anal09Ue b reaCt6d with 
analogue. This allows for the addition of TBDMS^o the 3'-Oof the rftvin h -m ™ e W~5'~Q'VMT ribonucleotide 
Inflate (t*uty.a1memy.si.yl^^ «V reac «°n TBDMS- 

tic acid) to cleave off the DMT group. learfnJaSSS^ treated "* TCAA ( tt <*'°™ce- 

oxygen of the 5' hydroxy! group using MeXatZT^l 9 ^ L ° 5 MeNPoc is ^ *** *> *e 

F" (a*. NaF) ,o yield a ribonudeS JSS^IEJSS Wn * ,a ^ ^ 9r0Up is *" c,eaved •» 
anatogue. I appropriate, this an^e^CS 
Other nudeosideso^^ 

Synthesis of Oligonucleotide Analogue Arrays on Chips 

* <^n^^^^ ?— * chemistry used in VLS.PS™ 

deotide synthesis. The o£i£S^ J* is Simi,ar to ** — * oligonu- 

and a functional group on?he substrate wEesS 

linkage. Nucleotide or oligonucleotide aSogui a e ' f^' ° r ester 

example, supports having (Po.y).rif.uo^ « bonds using, for 

« glass or silicon oxide as the solid support) ST^T^Z I rt^ ? S " 0X8ne bon * (usin9 " for 
ment via reactions of surface attaching SrtSTEl2Sfl2SJIS-iT^ 1 ° ■ WOrt are formed in one 
groups have a site for attachment of the KSlSlSSSSS £ **** ^ iU * e8 

attachment include amines, hydroxyl. thiol «SaS^^KS^* JiT^' 9f ° UpS Which are suitable f ° r 
aminoa.kylsi.anes and hydroxyalkySla^ atfaCh ' n9 " * rMfc,n » P 0 * 0 " 5 includ * 

« oligonudeotide analogue is eithWbisS-^ * B SUriace attachin 3 P"*" of the 

^amtfe.aminop^^^ 

hydroxyl group is methylated ^e DNA^S ana,09ues 01 RNA «•»• »» 2'- 

» ond. A. I. in Oligonucleotides and aS^T^^S^^^T^^ *"* 3nd Lam ' 
Oxford University Press, 1991. pp 49-86 ^incoro^S hL^k ^ b/ R Eckste,n ' New York: ,RL Pf ess at 

as of mixed sequences of 2'-a M e^ purposes have reported me synthe- 

* argues. ^ 
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Detection of Hybridization 
Sequencing by hybridization 

PCT/USM/12305) w«n a set of olgmoleiMa prebes, one at a lime (see. apcfcafa SN 

logue probe arrays were oenerated ^TmkTI f * * spatially-defined oligonucleotide ana- 

^tt.ewona^,**^^ 

Oligonucleotide analogue Probe Arrays and Libraries 

better mis-match discrimination for hybXtton^ S6C0ndl * short P rob <*P™ide 

complementary regions LbrariesTf dim* IS , T° * " y un,molecular oligonucleotides with seV- 
in screening sLSs to de« for example, 

examine tn P ,e he.ix torma«on). Specie o^nucLo^^ 

sual secondary structure Spp nuriann mcjqw d;. m • . eruiuwn 10 oe conducive to the formation of unu- 

lec* o^STp^'r^ * ^ SK * 9 "* ** u *° 
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In some embodiments, molecules other than oligonucleotides, such as proteins, dyes, co-factors, linkers and the 
like are incorporated into the oligonucleotide analogue probe, or attached to the distal end of the oligomer, e.g., as a 
spacing molecule, or as a probe or probe target. Flexible linkers are optionally used to separate complementary por- 
tions of the oligonucleotide analogue. 

s The present invention also oontemplates the preparation of libraries of oligonucleotide analogues having bulges or 
loops in addition to complementary regions. Specific RNA bulges are often recognized by proteins (e.g.> TAR RNA is 
recognized by the TAT protein of HIV). Accordingly, libraries of oligonucleotide analogue bulges or loops are useful in a 
number of diagnostic applications. The bulge or loop can be present in the oligonucleotide analogue or linker portions. 
Unimolecular analogue probes can be configured in a variety of ways. In one embodiment, the unimolecular prdbes 

10 comprise linkers, for example, where the probe is arranged according to the formula Y — L 1 — X 1 — L 2 — X 2 , in which Y 
represents a solid support, X 1 and X 2 represent a pair of complementary oligonucleotides or oligonucleotide analogues, 
L 1 represents a bond or a spacer, and L 2 represents a linking group having sufficient length such that X 1 and X 2 form 
a double-stranded oligonucleotide. The general synthetic and conformational strategy used in generating the double- 
stranded unimolecular probes is similar to that described in co-pending application SN 08/327,687, except that any of 

15 the elements of the probe (L 1 , X 1 , L 2 and X 2 ) comprises a nucleotide or an oligonucleotide analogue. For instance, in 
one embodiment X 1 is an oligonucleotide analogue. 

The oligonucleotide analogue probes are optionally arranged to present a variety of moieties. For example, struc- 
tural components are optionally presented from the middle of a conformationaliy restricted oligonucleotide analogue 
probe. In these embodiments, the analogue probes generally have the structure — X 11 ^Z— X 12 wherein X 11 and X 12 

20 are complementary oligonucleotide analogues and Z is a structural element presented away from the surface of the 
probe array. Z can include an agonist or antagonist for a cell merribrane receptor, a toxin, venom, viral epitope, hor- 
mone, peptide, enzyme, cofactor, drug, protein, antibody or the like. 

General tiling strategies for detection of a Polymorphism in a target oligonucleotide 

25 

In diagnostic applications, oligonucleotide analogue arrays (e.g., arrays on chips, slides or beads) are used to 
determine whether there are any differences between a reference sequence and a target oligonucleotide, e.g., whether 
an individual has a mutation or polymorphism in a known gene. As discussed supra, the oligonucleotide target is option- 
ally a nucleic acid such as a PCR amplicon which comprises one or more nucleotide analogues. In one embodiment, 

30 arrays are designed to contain probes exhibiting complementarity to one or more selected reference sequence whose 
sequence is known. The arrays are used to read a target sequence comprising either the reference sequence itself or 
variants of that sequence. Any polynucleotide of known sequence is selected as a reference sequence. Reference 
sequences of interest include sequences known to include mutations or polymorphisms associated with phenotypic 
changes having clinical significance in human patients. For example, the CFTR gene and P53 gene in humans have 

35 been identified as the location of several mutations resulting in cystic f brosis or cancer respectively. Other reference 
sequences of interest include those that serve to identify pathogenic microorganisms and/or are the site of mutations 
by which such microorganisms acquire drug resistance {e.g., the HIV reverse transcriptase gene for HIV resistance). 
Other reference sequences of interest include regions where polymorphic variations are known to occur (e.g., the D- 
loop region of mitochondrial DNA). These reference sequences also have utility for, e.g., forensic, cladistic, or epidemi- 

40 ologicai studies. 

Other reference sequences of interest include those from the genome of pathogenic viruses (e.g., hepatitis (A, B, 
or C), herpes virus (e.g., VZV, HSV-t , HAV-6, HSV-II, CMV, and Epstein Barr virus), adenovirus, influenza virus, flaviv- 
iruses, echovirus, rhinovirus, coxsackie virus, cornovirus, respiratory syncytia 5 virus, mumps virus, rotavirus, measles 
virus, rubella virus, parvovirus, vaccinia virus, HTLV virus, dengue virus, papillomavirus, molluscum virus, poliovirus, 

45 rabies virus, JC virus and arboviral encephalitis virus. Other reference sequences of interest are from genomes or epi- 
somes of pathogenic bacteria, particularly regions that confer drug resistance or allow phylogenic characterization of 
the host [e.g., 16S rRIMA or corresponding DNA). For example, such bacteria include chlamydia, rickettsial bacteria, 
mycobacteria, staphylococci, treptocci, pneumonococci, meningococci and conococci, Klebsiella, proteus, serratia, 
pseudomonas, legionella, diphtheria, salmonella, bacilli, cholera, tetanus, botulism, anthrax, plague, leptospirosis, and 

so Lymes disease bacteria. Other reference sequences of interest include those in which mutations result in the following 
autosomal recessive disorders: sickle cell anemia, p-thalassemia, phenylketonuria, galactosemia, Wilson's disease, 
hemochromatosis, severe combined immunodeficiency, alpha- 1 -antitrypsin deficiency, albinism, alkaptonuria, lyso- 
somal storage diseases and Ehlers-Danlos syndrome. Other reference sequences of interest include those in which 
mutations result in X-linked recessive disorders: hemophilia, giucose-6-phosphate dehydrogenase, agammaglobulime- 

55 nia, diabetes insipidus, Lesch-Nyhan syndrome, muscular dystrophy, Wiskott-Aldrich syndrome, Fabry's disease and 
fragile X-syndrome. Other reference sequences of interest includes those in which mutations result in the following 
autosomal dominant disorders: familial hypercholesterolemia, polycystic kidney disease, Huntington's disease, heredi- 
tary spherocytosis, Marian's syndrome, von ^ilebrand's disease, neurofibromatosis, tuberous sclerosis, hereditary 



in 
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hemorrhagic telangiectasia, familial colonic polyposis, Ehlers-Danlos syndrome, myotonic dystrophy, muscular dystro- 
phy, osteogenesis imperfecta, acute intermittent porphyria, and von Hippel-Lindau disease. 

Although an array of oligonucleotide analogue probes is usually laid down in rows and columns for simplified data 
processing, such a physical arrangement of probes on the solid substrate is not essential. Provided that the spatial loca- 

s tion of each probe in an array is known, the data from the probes is collected and processed to yield the sequence of a 
target irrespective of the physical arrangement of the probes on, e.g., a chip. In processing the data, the hybridization 
signals from the respective probes is assembled into any conceptual array desired for subsequent data reduction, what- 
ever the physical arrangement of probes on the substrate. 

In one embodiment, a basic tiling strategy provides an array of immobilized probes for analysis of a target oligonu- 

10 cleotide showing a high degree of sequence similarity to one or more selected reference oligonucleotide {e.g., detection 
of a point mutation in a target sequence). For instance, a first probe set comprises a plurality of probes exhibiting perfect 
complementarity with a selected reference oligonucleotide. The perfect complementarity usually exists throughout the 
length of the probe. However, probes having a segment or segments of perfect complementarity that is/are flanked by 
leading or trailing sequences lacking complementarity to the reference sequence can also be used. Within a segment 

15 of complementarity, each probe in the first probe set has at least one interrogation position that corresponds to a nucle- 
otide in the reference sequence. The interrogation position is aligned with the corresponding nucleotide in the reference 
sequence when the probe and reference sequence are aligned to maximize complementarity between the two. If a 
probe has more than one interrogation position, each corresponds with a respective nucleotide in the reference 
sequence. The identity of an interrogation position and corresponding nucleotide in a particular probe in the first probe 

20 set cannot be determined simply by inspection of the probe in the first set. An interrogation position and corresponding 
nucleotide is defined by the comparative structures of probes in the first probe set and corresponding probes from addi- 
tional probe sets. 

For each probe in the first set, there are, for purposes of the present illustration, multiple corresponding probes from 
additional probe sets. For instance, there are optionally probes corresponding to each nucleotide of interest in the ref- 

25 erence sequence. Each of the corresponding probes has an interrogation position aligned with that nucleotide of inter- 
est. Usually, the probes from the additional probe sets are identical to the corresponding probe from the first probe set 
with one exception. The exception is that at the interrogation position, which occurs in the same position in each of the 
corresponding probes from the additional probe sets. This position is occupied by a different nucleotide in the corre- 
sponding probe sets. Other tiling strategies are also employed, depending on the information to be obtained. 

30 The probes are oligonucleotide analogues which are capable of hybridizing with a target nucleic sequence by com- 
plementary base-pairing. Complementary base pairing includes sequence-specific base pairing, which comprises, 
e.g., Watson-Crick base pairing or other forms of base pairing such as Hoogsteen base pairing. The probes are 
attached by any appropriate linkage to a support. 3* attachment is more usual as this orientation is compatible with the 
preferred chemistry used in solid phase synthesis of oligonucleotides and oligonucleotide analogues (with the excep- 

35 tion of, e.g., analogues which do not have a phosphate backbone, such as peptide nucleic acids). 

EXAMPLES 

The following examples are provided by way of illustration only and not by way of limitation. A variety of parameters 
40 can be changed or modified to yield essentially similar results. 

One approach to enhancing oligonucleotide hybridization is to increase the thermal stability (T m ) of the duplex 
formed between the target and the probe using oligonucleotide analogues that are known to increase T m 's upon hybrid- 
ization to DNA. Enhanced hybridisation using oligonucleotide analogues is described in the examples below, including 
enhanced hybridization in oligonucleotide arrays, 

45 

Example 1: solution oligonucleotide melting T m 

The T m of 2*-0-methyl oligonucleotide analogues was compared to the T m for the corresponding DNA and RNA 
sequences in solution. In addition, the T m of 2*-0-methyl oligonucleotide:DNA, 2'-0-methyl oligonucleotide:RNA and 

so RNA:DNA duplexes in solution was also determined. The T m was determined by varying the sample temperature and 
monitoring the absorbance of the sample solution at 260 nm. The oligonucleotide samples were dissolved in a 0.1 M 
NaCI solution with an oligonucleotide concentration of 2^M. Table 1 summarizes the results of the experiment. The 
results show that the hybridization of DNA in solution has approximately the same T m as the hybridization of DNA with 
a 2'-0-methyl-substituted oligonucleotide analogue. The results also show that the T m for the 2'-0-methyl-substituted 

55 oligonucleotide duplex is higher than [hat for the corresponding RNA:2'-0~methyl~substituted oligonucleotide duplex, 
which is higher than the T m for the corresponding DNA:DMA or RNA:DNA duplex. 
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TABLE 1 



Solution Oligonucleotide Melting Experiments 
{+) = Target Sequence (5-CTGMCGGTAGCATCTTGAC- 

a^SEQ ID NO:6)* 
(-) o Complementary Sequence (5'GTCAAGATGCTACCGT- 
TCAG-3 , )(SEQ ID NO:7)* 


Type of Oligonucleotide, 
Target Sequence (+) 


Type of Oligonucleotide, 
Complementary 
Sequence (+) 


T m (°C) 


DNA (+) 


DNA(-) 


61.6 


DNA(+) 


2'0Me(-) 


58.6 


2'0Me(+) 


DNA(-) 


61.6 


2'0Me(+) 


2'0Me(-) 


78.0 


RNA(+) 


DNA(-) 


58.2 


RNA(+) 


2'0Me(-) 


73.6 



* T refers to thymine for the DNA oligonucleotides, or uracil for 
the RNA oligonucleotides. 



Example 2: array hybridization experiments with DNA chips and oligonucleotide analogue targets 

A variable length DNA probe array on a chip was designed to discriminate single base mismatches in the 3 corre- 
sponding sequences 

S'-CTGAACGGTAGCATCTTGAC-S" (SEQ ID NO:6)(DNA target), 
5'-CUGAACGGUAGCAUCUUGAC-3' (SEQ ID NO:8)(RNA target) and 

S-CUGAACGGUAGCAUCUUGAC-S* (SEQ ID N0:9)(2'-0-methyl oligonucleotide target), and generated by the 
VLSIPS™ procedure. TTie Chip was designed with adjacent 12-mers and 8-mers which overlapped with the 3 target 
sequences as shown in Table 2. 



Table 2: Array hybridization Experiments 


Target 1 (DNA) 

8-mer probe (complement) 

12-mer probe (complement) 


5 ' -CTGAACGGTAGCATCTTGAC-3 ' (SEQ ID NO: 6) 


Target 2 (RNA) 

8-mer probe (complement) 

12-mer probe (complement) 


5'-CaGAACGGUAGCAUCUUGAC-3' (SEQ ID NO: 8) 


Target 3 (2 f -0-Me oligo) 
8-mer probe (complement) 
12-mer probe (complement) 


5'-CUGAACGGUAGCAUCUUGAC-3' (SEQ ID NO: 9) 
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Target oligos were synthesized using standard techniques. The DNA and 2'-0-methy1 oligonucleotide analogue tar- 
get oligonucleotides were hybridized to the chip at a concentration of lOnM in 5x SSPE at 20°C in sequential experi- 
ments. Intensity measurements were taken at each probe position in the 8-mer and 12-mer arrays over time. The rate 
of increase in intensity was then plotted for each probe position. The rate of increase in intensity was similar for both 

5 targets in the 8-mer probe arrays, but the 12-rner probes hybridized more rapidly to the DNA target oligonucleotide. 

Plots of intensity versus probe position were generated for the RNA, DNA and 2-O-methyl oligonucleotides to 
ascertain mismatch discrimination. The 8-mer probes displayed similar mismatch discrimination against all targets. The 
12-mer probes displayed the highest mismatch discrimination for the DNA targets, followed by the 2'O-methyl target, 
with the RNA target showing the poorest mismatch discrimination. 

10 Thermal equilibrium experiments were performed by hybridizing each of the targets to the chip for 90 minutes at 
5°C temperature intervals. The chip was hybridized with the target in 5x SSPE at a target concentration of 10nM. Inten- 
sity measurements were taken at the end of the 90 minute hybridization at each temperature point as described above. 
All of the targets displayed similar stability, with minimal hybridization to the 8-mer probes at 30°C. In addition, all of the 
targets showed similar stability in hybridizing to the 12-mer probes. Thus, the 2'-0-methyl oligonucleotide target had 

15 similar hybridization characteristics to DNA and RNA targets when hybridized against DNA probes. 

Example 3: 2'-0-methyl-substituted oligonucleotide chips 

DMT-protected DNA and 2'-0-methyl phosphoramidites were used to synthesize 8-mer probe arrays on a glass 
20 slide using the VLSIPS™ method. The resulting chip was hybridized to DNA and RNA targets in separate experiments. 
The target sequence, the sequences of the probes on the chip and the general physical layout of the chip is described 
in Table 3. 

The chip was hybridized to the RNA and DNA targets in successive experiments. The hybridization conditions used 
were 10nM target, in 5x SSPE. The chip and solution were heated from 20°C to 50°C, with a fluorescence measure- 

25 ment taken at 5 degree intervals as described in SN PCT/US94/12305. The chip and solution were maintained at each 
temperature for 90 minutes prior to fluorescence measurements. The results of the experiment showed that DNA 
probes were equal or superior to 2'-0-methyl oligonucleotide analogue probes for hybridization to a DNA target, but that 
the 2 , -0-methyl analogue oligonucleotide probes showed dramatically better hybridization to the RNA target than the 
DNA probes. In addition, the 2'-0-methyl analogue oligonucleotide probes showed superior mismatch discrimination of 

30 the RNA target compared to the DNA probes. The difference in fluorescence intensity between the matched and mis- 
matched analogue probes was greater than the difference between the matched and mismatched DNA probes, dramat- 
ically increasing the signal-to-noise ratio. Figure 1 displays the results graphically (Figure 1A). (M) and (P) indicate 
mismatched and perfectly matched probes, respectively. Figure 1 B illustrates the fluorescence intensity versus location 
on an example chip for the various probes at 20°C using RNA and DNA targets. 

35 
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Table 3: 2'-0-methyI Oligonucleotide Analogues on a Chip. 



10 



15 



SO 



Target Sequence (DNA): 
Target Sequence (RNA): 



5 '-CTG A ACGGTAGC ATCTTGAC-3 * 
(SEQ ID NO:6) 

5'-CUGAACGGUAGCAUCUUGAC-3' 
(SEQ ID NO:8) 



Matching DNA oligonucleotide probe {DNA S'-CTTGCCAT (SEQ ID NO: 10) 
(M)} 



Matching 2'-0-methyl oligonucleotide 
analogue probe {2*OMe (M)} 

DNA oligonucleotide probe with 1 base 
mismatch {DNA (P)} 



S'-CUUGCCAU (SEQ ID NO: 11) 
S'-CTTGCTAT (SEQ ID NO: 12) 



2*-0-methyl oligonucleotide analogue probe S'-CUUGCUAU (SEQ ID NO: 13) 
with 1 base mismatch {2'OMe (M)} 

SCHEMATIC REPRESENTATION OF 2 '-O-METH YL/DNA CHIP 



25 



Matching 2'-0-methyl oligonucleotide analogue probe 



2*-0-methyl oligonucleotide analogue probe with 1 base mismatch 



DNA oligonucleotide probe with 1 base mismatch 



30 



Matching DNA oligonucleotide probe 



35 

Example 4: synthesis of oligonucleotide analogues 

The reagent MeNPoc-CI group reacts non-selectively with both the 5' and 3* hydroxyls on 2'-0-methyI nucleoside 
40 analogues. Thus, to generate high yields of S'O-MeNPoc^'-O-methylribonucleoside analogues for use in oligonucle- 
otide analogue synthesis, the following protection-deprotection scheme was utilized. 

The protective group DMT was added to the 5'-0 position of the 2'-0-methylribonucleoside analogue in the pres- 
ence of pyridine. The resulting 5'O-DMT protected analogue was reacted with TBDMS-Triflate in THF, resulting in the 
addition of the TBDMS group to the 3-0 of the analogue. The S'-DMT group was then removed with TCAA to yield a 
45 free OH group at the 5' position of the 2-O-methyl ribonucleoside analogue, followed by the addition of MeNPoc-CI in 
the presence of pyridine, to yield S'-O-MeNPoc-S'-O-TBDMS^'-O-methyl ribonucleoside analogue. The TBDMS group 
was then removed by reaction with NaF, and the 3-OH group was phosphitylated using standard techniques. 

Two other potential strategies did not result in high specific yields of S-O-MeNPoc-^-O-methylribonucleoside. In 
the first, a less reactive MeNPoc derivative was synthesized by reacting MeNPoc-CI with N-hydroxy succimide to yield 
so MeNPoc-NHS. This less reactive photocleavable groip (MeNPoc-NHS) was found to react exclusively with the 3' 
hydroxyl on the 2'-0-methylribonucleoside analogue. In the second strategy, an organotin protection scheme was used. 
Dibutyltin oxide was reacted with the 2'-0-methylribonucleoside analogue followed by reaction with MeNPoc. Both 5*- 
O-MeNPoc and 3'-0-MeNPoc 2 , -0-methylribonudeoside analogues were obtained. 

55 Example 5: hybridization to mixed-sequence oligodeoxynucleotide probes substituted with 2-amino-2'-deoxyadenosine 
(D) 



To test ihe f ffect of a 2-amino-2'<leoxyadenosine (D) substitution in a heterogeneous probe sequence, two 4x4 oli- 
godeoxynut let t de arrays were constructed using VLSIPS™ methodology and S'-O-MeNPOC-protected deoxynucleo- 




EP0742 287A2 

side phosphoramidites. Each array was comprised of the following set of probes based on the sequence (3> 
CATCGTAGAA-(5') (SEQ ID NO: 1): 

1 . -(HEG)-(3')-CATMiGTAGAA-(5 r ) (SEQ ID NO:14) 
s 2. -(HEGH3')-CATCN 2 TAGAA-(5') (SEQ ID NO:15) 

3. -{HEG)-(3>CATCGN3AGAA-(5 , ) (SEQ ID NO:16) 

4. .(HEG)-(3>CATCGTN4GAA-(5') (SEQ ID NO: 17) 

where HEG = hexaethyleneglycoi linker, and N is either A.G.C or T, so that probes are obtained which contain single 
10 mismatches introduced at each of four central locations in the sequence. The first probe array was constructed with all 
natural bases. In the second array, 2-amino-2'-deoxyadenosine (D) was used in place of adenosine (A). Both arrays 
were hybridized with a S'-f luorescein-labeled oligodeoxynucleotide target, (5')-FI-d(CTGAACGGTAGCATCTTGAC)-(3') 
(SEQ ID NO:18), which contained a sequence (in bold) complementary to the base probe sequence. The hybridization 
conditions were: 10nM target in SxSSPE buffer at 22°C with agitation. After 30 minutes, the chip was mounted on the 
15 flowcell of a scanning laser confocal fluorescence microscope, rinsed briefly with SxSSPE buffer at 22°C, and then a 
surface fluorescence image was obtained. 

The relative efficiency of hybridization of the target to the complementary and single-base mismatched probes was 
determined by comparing the average bound surface fluorescence intensity in those regions of the of the array contain- 
ing the individual probe sequences. The results (Figure 3) show that a 2-amino-2'-deoxyadenosine (D) substitution in a 
20 heterogeneous probe sequence is a relatively neutral one, with little effect on either the signal intensity or the specificity 
of DNA-DNA hybridization, under conditions where the target is in excess and the probes are saturated. 

Example 6: hybridization to a dA-homopolymer oligodeoxynucleotide probe substituted with 2-amino-2'<leoxyadenos- 
ine (D) 

25 

The following experiment was performed to compare the hybridization of 2'<ieoxyadenosine containing homopoly- 
mer arrays with 2-amino-2'-deoxyadenosine homopolymer arrays. The experiment was performed on two 1 1-mer oligo- 
deoxynucleotide probe containing arrays. Two 1 1-mer oligodeoxynucleotide probe sequences were synthesized on a 
chip using S'-O-MeNPOC-protected nucleoside phosphoramidites and standard VLSIPS™ methodology. 

30 The sequence of the first probe was: 

(HEG)-(3> d(AAAAANAAAAA)-(5') (SEQ ID NO:19); where HEG = hexaethyleneglycoi linker, and N is either A,G,C or 
T. The second probe was the same, except that dA was replaced by 2-amino-2'-deoxyadenosine (D). The chip was 
hybridized with a S'-fluorescein-labeled oligodeoxynucleotide target, (5>FI-d(l I II IGI I 1 1 l)-(3*) (SEQ ID NO:20), 
which contained a sequence complementary to the probe sequences where N=C. Hybridization conditions were 1 0nM 

35 target in SxSSPE buffer at 22°C with agitation. After 15 minutes, the chip was mounted on the flowcell of a scanning 
laser confocal fluorescence microscope, rinsed briefly with SxSSPE buffer at 22°C (low stringency), and a surface flu- 
orescence image was obtained. Hybridization to the chip was continued for another 5 hours, and a surface fluorescence 
image was acquired again. Finally, the chip was washed briefly with O.SxSSPE (high-stringency), then with SxSSPE, 
and re-scanned. 

40 The relative efficiency of hybridization of the target to the complementary and single-base mismatched probes was 
determined by comparing the average bound surface fluorescence intensity in those regions of the of the array contain- 
ing the individual probe sequences. The results (Figure 4) indicate that substituting 2-deoxyadenosine with 2-amino-2'- 
deoxyadenosine in a d(A) n homopolymer probe sequence results in a significant enhancement in specific hybridization 
to a complementary oligodeoxynucleotide sequence. 

45 

Example 7: hybridization to alternating A-T oligodeoxynucleotide probes substituted with 5-propynyi-2'-deoxyuridine 
(P) and 2-amino-2'-deoxyadenosine (D) 

Commercially available S'-DMT-protected 2-deoxynucleoside/nucleoside-analog phosphoramidites (Glen 
so Research) were used to synthesize two decanucieotide probe sequences on separate areas on a chip using a modified 
VLSIPS™ procedure. In this procedure, a glass substrate is initially modified with a terminal-MeNPOC-protected hexa- 
ethyleneglycoi linker. The substrate was exposed to light through a mask to remove the protecting group from the linker 
in a checkerboard pattern. The first probe sequence was then synthesized in the exposed region using DMT-phospho- 
ramidites with acid-deprotection cycles, and the sequence was finally capped with (MeO) 2 PNiPr 2 /tetrazole followed by 
55 oxidation. A second checkerboard exposure in a different (previously unexposed) region of the chip was then per- 
formed, and the second probe sequence was synthesized by the same procedure. The sequence of the first "control" 
probe was: -(HEGM3>CGCGCCGCGC-(5') (SEQ ID NO:21); and the sequence of the second probe was one of the 
following: 



15. 
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1. -(HEG)-(3')-d(ATATAATATA)(5') (SEQ ID NO:22) 

2. -(HEGJ-O^fAPAPAAPAPAJ-fS 1 ) (SEQ ID NO:23) 

3. -(HEGJ-O^fDTDTDDTDTDJ-tS') (SEQ ID NO:24) 

4. -(HEG)-(3')-d(DPDPDDPDPD)-(5') (SEQ ID NO:25) 

5 

where HEG = hexaethyleneglycol linker, A = 2'^deoxyadenosine, T <= thymidine, D = 2-amino-2'-deoxyadenosine, and P 
= 5-propyny1-2'-deoxyuridine. Each chip was then hybridized in a solution of a f luorescein-labeled oligodeoxynucleotide 
target, (5>Fluorescein^(TATATTATAT)-(HEG)-d(GCGCGGCGCG)-(3') (SEQ ID NO:26 and SEQ ID NO:27), which is 
complementary to both the A/T and G/C probes. The hybridization conditions were: 10nM target in SxSSPE buffer at 
10 22°C with gentle shaking. After 3 hours, the chip was mounted on the flowcell of a scanning laser confocal fluorescence 
microscope, rinsed briefly with SxSSPE buffer at 22°C, and then a surface fluorescence image was obtained. Hybridi- 
zation to the chip was continued overnight (total hybridization time = 20hr), and a surface fluorescence image was 
acquired again. 

The relative efficiency of hybridization of the target to the A/T and substituted A/T probes was determined by com- 
15 paring the average surface fluorescence intensity bound to those parts of the chip containing the A/T or substituted 
probe to the fluorescence intensity bound to the G/C control probe sequence. The results (Figure 5) show that 5-propy- 
nyl-dU and 2-amino-dA substitution in an A/T-rich probe significantly enhances the affinity of an oligonucleotide ana- 
logue for complementary target sequences. The unsubstituted A/T-probe bound only 20% as much target as the all- 
G/C-probe of the same length, while the D- & P-substituted A/T probe bound nearly as much (90%) as the G/C-probe. 
20 Moreover, the kinetics of hybridization are such that, at early times, the amount of target bound to the substituted AfT 
probes exceeds that which is bound to the all-G/C probe. 

Example 8: hybridization to oligodeoxynucleotide probes substituted with 7-deaza-2'-deoxyguanosine (ddG) and 2'- 
deoxyinosine (dl) 

25 

A 16x64 oligonucleotide array was constructed using VLSIPS™ methodology, with S'-O-MeNPOC-protected nucle- 
oside phosphoramidites, including the analogs ddG, and dl. The array was comprised of the set of probes represented 
by the following sequence: 

30 -(linker)-(3')- d(A I G II Gg G3 G 4 G5CGGGT) -(5'); (SEQ ID NO:28) where underlined bases are fixed, and 
the five internal deoxyguanosines (Gt_ 5 ) are substituted with G, ddG, dl, and T in all possible (1024 total) combina- 
tions. A complementary oligonucleotide target, labeled with fluorescein at the 5'-end: 

(5>FI- d(CAATACAACCCCCGCCCATCC)-(3) (SEQ ID NO:29), was hybridized to the array. The 
hybridization conditions were: 5 nM target in 6 x SSPE buffer at 22°C with shaking. After 30 minutes, the chip was 
35 mounted on the flowcell of an Affymetrix scanning laser confocal fluorescence microscope, rinsed once with 0.25 
x SSPE buffer at 22°C. and then a surface fluorescence image was acquired. 

The "efficiency" of target hybridization to each probe in the array is proportional to the bound surface fluorescence 
intensity in the region of the chip where the probe was synthesized. The relative values for a subset of probes (those 
40 containing dG->ddG id dG-xil substitutions only) are shown in Figure 6. Sitostitution of guanosine with 7-deazaguano- 
sine within the internal run of five G's results in a significant enhancement in the fluorescence signal intensity which 
measures hybridization. Deoxyinosine substitutions also enhance hybridization to the probe, but to a lesser extent. In 
this example, the best overall enhancement is realized when the dG run" is ~ 40-60% substituted with 7<leaza-dG, with 
the substitutions distributed evenly throughout the run (i.e., alternating dG / deaza-dG). 

45 

Example 9; Synthesis of 5'- MeNPOC-2'-deoxyinosine-3' ^N,N-diisopropyl-2-cyanoethy/)phosphoramidite 

2'-deoxyinosine (5.0g, 20 mmole) was dissolved in 50 ml of dry DMF, and 1 00 ml dry pyridine was added and evap- 
orated three times to dry the solution. Another 50ml pyridine was added, the solution was cooled to -20°C under argon, 

so and 13.8g (50 mmole) of MeNPOC-chloride in 20 ml dry DCM was then added dropwise with stirring over 60 minutes. 
After 60 minutes, the cold bath was removed, and the solution was allowed to stir overnight at room temperature. Pyri- 
dine and DCM were removed by evaporation, 500 ml of ethyl acetate was added, and the solution was washed twice 
with water and then with brine (200ml each). The aqueous washes were combined and back-extracted twice with ethyl 
acetate, and then all of the organic layers were combined, dried with Na 2 S0 4 , and evaporated under vacuum. The prod- 

55 ucl was reciystallized from DCM to obtain 5.0g (50% yield) of pure 5 f -0-lv1eNPOC-2'-deoxyinosine as a yellow solid 
(99% purity, according to ^-NMR and HPL.C analysis). 

The MeNPOC-nucleoside (2.5g, 5.1 mmole) was suspended in 60 mi cf dry CH 3 CN and phosphitylated with 2- cya- 
noethyl N^i.N'.N'-tetraisopropylphosphorodiamidite (1.65 g / 1.66 ml; 5.0 nmole) and 0.47 g (2.7 mmole) of diisopro- 
pylammonium tetrazolide, according to the published procedure of Baron* etui. (Nucleic Acids Res. (1984) 12, 4051- 
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61). The crude phosphoramidite was purified by flash chromatography on silica gel (90:8:2 DCM-MeOH-Et 3 N), co- 
evaporated twice with anhydrous acetonitrile and dried under vacuum for ~ 24 hours to obtain 2.8g (80%) of the pure 
product as a yellow solid (98% purity as determined by 1 H/ 31 P-NMR and HPLC). 

s Example 10: synthesis of 5'-MeNPOC-74eaza-2'^eoxy(N2-isobutyryl)-guanosm^^ 
thyl)phosphoramidite. 

The protected nucleoside 7-deaza-2'-deaxy(N2- isobutyryl)guanosine (I.Og, 3 mmole; Chemgenes Corp., 
Wattham, MA) was dried by co-evaporating three times with 5 ml anhydrous pyridine and dissolved in 5 ml of dry pyri- 

10 dine-DCM (75:25 by vol.). The solution was cooled to -45*C (dry ice/CH 3 CN) under argon, and a solution of 0.9g (3.3 
mmole) MeNPOC-CI in 2 ml dry DCM was then added dropwise with stirring. After 30 minutes, the cold bath was 
removed, and the solution allowed to stir overnight at room temperature. The solvents were evaporated, and the crude 
material was purified by flash chromatography on silica gel (2.5% - 5% MeOH in DCM) to yield 1 .5g (88%yield) 5'- MeN- 
POC-7-deaza-2'-deoxy(N2-isobutyryl)guanosine as a yellow foam. The product was 98% pure according to 1 H-NMR 

is and HPLC analysis. 

The MeNPOC-nucleoside (1 .25g, 2.2 mmole) was phosphitylated according to the published procedure of Barone, 
et ai. {Nucleic Acids Res. (1984) 12, 4051-61). The crude product was purified by flash chromatography on silica gel 
(60:35:5 hexane-ethyl acetate-E^N), co-evaporated twice with anhydrous acetonitrile and dried under vacuum for -24 
hours to obtain 1 .3g (75%) of the pure product as a yellow solid (98% purity as determined by 1 H/^P-NMR and HPLC). 

20 

Example 11: synthesis of 5'-MeNPOC-2,6-bis(phenoxyacetyl) -2,6-diaminopurine -2'-deoxyriboside-3'-(N t N-diisoprv- 
pyl-2- cyanoethyl)phosphoramidite. 

The protected nucleoside 2,6-bis(phenoxyacetyl) -2,6-diaminopurine-2'-deoxyriboside (8 mmole, 4.2 g) was dried 
25 by coevaporating twice from anhydrous pyridine, dissolved in 2:1 pyridine/DCM (17.6 ml) and then cooled to -40 °C. 
MeNPOC-chloride (8 mmole, 2. 1 8 g) was dissolved in DCM (6.6mls) and added to reaction mixture dropwise. The reac- 
tion was allowed to stir overnight with slow warming to room temperature. After the overnight stirring, another 2 mmole 
(0.6 g) in DCM (1.6 ml) was added to the reaction at -40 °C and stirred for an additional 6 hours or until no unreacted 
nucleoside was present. The reaction mixture was evaporated to dryness, and the residue was dissolved in ethyl ace- 
30 tate and washed with water twice, followed by a wash with saturated sodium chloride. The organic layer was dried with 
MgSO* and evaporated to a yellow solid which was purified by flash chromatography in DCM employing a methanol 
gradient to elute the desired product in 51% yield. 

The 5-MeNPOC-nucleoside (4.5 mmole, 3.5 g) was phosphitylated according to the published procedure of Bar- 
one, et ai (Nucleic Acids Res. (1 984) 1 2, 4051 -61 ). The crude product was purified by flash chromatography on silica 
35 gel (99:0.5:0.5 DCM-MeOH-EtaN). The pooled fractions were evaporated to an oil, redissolved in a minimum amount of 
DCM, precipitated by the addition of 800 ml ice cold hexane, filtered, and then dried under vacuum for ~ 24 hours. 
Overall yield was 56%, at greater than 96% purity by HPLC and 1 H/ 31 P-NMR. 

Example 12:5'-0-MeNPOC-protectedphosphoramidites for incorporating 7-deaza-2'deoxyguanosine and 2'-deoxyino- 
40 sine into VLSSIPS™ Oligonucleotide Arrays 

VLSIPS oligonucleotide probe arrays in which all or a subset of all guanosine residues are substitutes with 7- 
deaza-2'-deoxyguanosine and/or 2*-deoxyinosine are highly desirable. This is because guanine-rich regions of nucleic 
acids associate to form multi-stranded structures. For example, short tracts of G residues in RNA and DNA commonly 

45 associate to form tetrameric structures (Zimmermin etal. (1975) J. Mol. Biol. 92: 181; Kim, J. (1991) Nature 351: 331; 
Sen etal. (1988) Nature 335: 364; and Sunquist etal. (1989) Nature 342: 825). The problem this poses to chip hybrid- 
ization-based assays is that such structures may compete or interfere with normal hybridization between complemen- 
tary nucleic acid sequences. However, by substituting the 7-deaza-G analog into G-rich nucleic acid sequences, 
particularly at one or more positions within a run of G residues, the tendency for such probes to form higher-order struc- 

so tures is suppressed, while maintaining essentially the same affinity and sequence specificity in double-stranded struc- 
tures. This has been exploited in order to reduce band compression in sequencing gels (Mizusawa, et ai. (1986) N.AR. 
14: 1319) to improve target hybridization to G-rich probe sequences in VLSIPS arrays. Similar results are achieved 
using inosine (see also, Sanger et ai (1977) PMA.S. 74: 5463). 

For facile incorporation of 7-deaza-2'-deoxyguanosine and 2'<Jeoxyinosine into oligonucleotide arrays using. 

55 VLSIPS™ methods, a nucleoside phosphoramidite comprising the analogue base which has a 5'-0'-MeNPOC-protect- 
ing group is constructed. This building block was prepared from commercially available nucleosides according to 
Scheme i. These amidites pass the usual tests for coupling efficiency and photolysis rate. 
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Although the foregoing invention has been described in some detail by way of illustration and example for purposes 
of clarity of understanding, modifications can be made thereto without departing from the spirit or scope of the 
appended claims. 

All publications and patent applications cited in this application are herein incorporated by reference for all pur- 
poses as if each individual publication or patent application were specifically and individually indicated to be incorpo- 
rated by reference. 
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SEQUENCE LISTING 



5 



(1) GENERAL INFORMATION: 



(i) 



APPLICANT: McGall, Glenn Hugh 

Miyada, Charles Garrett 



10 



Cronin, Maureen T. 
Tan, Jennifer Dee 
Chee, Mark 



(ii) TITLE OF INVENTION: Modified Nucleic Acid Probes 
(iii) NUMBER OF SEQUENCES: 29 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: Hepworth Lawrence Bryer & Bizley 

(B) ADDRESS: Merlin House 



(C) POSTCODE: CM16 5DQ 

(D) COUNTRY: UK 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Not yet assigned 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/440,742 

(B) FILING DATE: 10-MAY-1995 

(viii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: Not yet assigned 

(B) FILING DATE: 03-APR-1996 

(ix) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Bizley, Richard Edward 

(B) REFERENCE /DOCKET NUMBER: APEP96235 



20 



Falconry Court 
Bakers Lane 
Epping 
Essex 



so 



(x) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (0)1992 561756 

(B) TELEFAX: (0)1992 561934 
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(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

5 

AAGATGCTAC 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AAAAANAAAA A H 



20 



45 



SO 



(2) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: DNA 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

ATATAATATA 10 

(2) INFORMATION FOR SEQ ID NO: 4: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
CGCGCCGCGC 10 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



10 
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(ix) FEATURE: 

(A) NAME /KEY: modified base 

(B) LOCATION; 6.. 10 

(D) OTHER INFORMATION : /mod_base= OTHER 

/note*= "N = guanosine (G), 
2',3'-dideoxyguanine (ddG), 
2'-deoxyinosine (dl) or thymine (T) * 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TGGGCNNNNN TTGTA 15 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 



20 



25 



(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

<A) NAME/KEY: - 

(B) LOCATION: 1.-20 

(D) OTHER INFORMATION: /note= "Target DNA sequence" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CTGAACGGTA GCATCTTGAC 20 



30 (2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

35 

(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME /KEY: - 

(B) LOCATION: 1..20 

(D) OTHER INFORMATION: /note- "Complementary DNA sequence" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GTCAAGATGC TACCGTTCAG 20 

45 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
so (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: RNA 



55 



EP0742 287 A2 



(ix) FEATURE : - 

(A) NAME/ KEY: - 

(B) LOCATION: 1..20 

(D) OTHER INFORMATIONS /note= "Target RNA sequence" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CUGAACGGUA GGAUCUUGAC 



(2) INFORMATION FOR SEQ ID NO; 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /deec « M 2 '-O-roethyl oligonucleotide 



(ix) FEATURE: 

(A) NAME/KEY: modif iedjaase 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /raod_base= cm 

(ix) FEATURE: 

(A) NAME/KEY: modified base 

(B) LOCATION: 2 " 

(D) OTHER INFORMATION: /mod_base= urn 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /raod_base= gm 

(ix) FEATURE : 

(A) NAME /KEY: modified base 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod_base*= OTHER 

/note= "2 *-o-methyl adenosine - 

(ix) FEATURE: 

(A) NAME /KEY : modified base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod_baoe=* OTHER 

/note= -2 '-O-methyl adenosine" 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod_base= cm 

(ix) FEATURE: 

(A) NAME/ KEY: modif ied_base 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod_base= gm 

(ix) FEATURE: 

(A) NAME/KEY: modif ied__b as e 

(B) LOCATION; 8 

(D) OTHER INFORMATION: /mod_base= gm 



10 
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(ix) FEATURE: 

<A) NAME/KEY: modif iedjaaee 
(B) LOCATION; 9 

(D) OTHER INFORMATIONS /mod_base= um 

(ix) FEATURE; 

(A) NAME/KEY: modif led Jaaoe 

(B) LOCATION; 10 

(D) OTHER INFORMATION: /mod_baee= OTHER 

/note- "2 '-O-methyl adenosine" 

(ix) FEATURE: 

(A) NAME /KEY: modified base 

(B) LOCATION: 11 

(D) OTHER INFORMATION: /mod_base« gm 

(ix) FEATURE: 

(A) NAME /KEY: modif iedjmee 

(B) LOCATION: 12 

(D) OTHER INFORMATION: /mod_base= cm 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 13 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "2 '-O-methyl adenosine" 

(ix) FEATURE: 
25 (A) NAME/KEY: modif ied_base 

(B) LOCATION: 14 

(D) OTHER INFORMATION: /mod_base= um 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_baee 
30 (B) LOCATION: 15 

(D) OTHER INFORMATION: /mod_baee= cm 

<ix) FEATURE: 

(A) NAME/KEY: modified base 

(B) LOCATION: 16 

35 (D) OTHER INFORMATION: /modJ>aee= um 

(ix) FEATURE: 

(A) NAME/KEY: modif ied^base 

(B) LOCATION: 17 

(D) OTHER INFORMATION: /mod base~ um 
40 ~ 
(ix) FEATURE: 

(A) NAME /KEY: modified base 

(B) LOCATION: 18 

(D) OTHER INFORMATION: /raod_base= gm 

45 (ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 19 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= w 2 '-O -methyl adenosine" 



so 



(ix) FEATURE: 

(A) NAME /KEY: modified base 

(B) LOCATION: 20 

(D) OTHER INFORMATION: /mod base--; cm 
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10 



(ix) FEATURE: 

(A) NAME /KEY: - 

(B) LOCATION I 1..20 

(D) OTHER INFORMATION : /note* "Target 2 ' -O-tnethyl 

oligonucleotide sequence** 

<xi) SEQUENCE DESCRIPTION s SEQ ID NO: 9: 
NNNNNNNNNN NNNNNNNNNN 20 

(2) INFORMATION FOR SEQ ID NO: 10: 



(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH : 8 base pairs 
(B) TYPE: nucleic acid 
15 (C) STRAND EDNESS : single 

(D) TOPOLOGY : linear 



(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..8 

(D) OTHER INFORMATION: /note= "Matching DNA oligonucleotide 

probe" 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CTTGCCAT 



(2) INFORMATION FOR SEQ ID NO: 11: 

30 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "2 '-O-methyi oligonucleotide" 



(ix) FEATURE: 

(A) NAME /KEY: modified base 
~ (B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_base= cm 

( ix ) FEATURE : 

(A) NAME/KEY: roodif ied_baee 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /mod_baee= urn 
45 i 
(ix) FEATURE: 

(A) NAME/KEY: roodif iedjDase 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /modJbaee= urn 

(ix) FEATURE: 

(A) NAME /KEY: raodif ied_baee 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod_base= gm 
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(ix) FEATURE ; 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /roodjsaoe- cm 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_baoe 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /rood_baae= cm 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note- " 2 ' -O-methy ladenosine" 

(ix) FEATURE: 
15 (A) NAME/KEY: modif iedbaoe 

(B) LOCATION: 8 

(0) OTHER INFORMATION: /mod_baae= urn 

( ix ) FEATURE : 

(A) NAME /KEY: - 

(B) LOCATION: 1..8 

(D) OTHER INFORMATION: /note- "Matching 2'-0-methyl 

oligonucleotide analogue probe" 



10 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
25 NNNNNNNN 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



35 



40 



45 



(Li) MOLECULE TYPE: UNA 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 1..8 

(D) OTHER INFORMATION: /note= "DNA oligonucleotide probe with 1 

baee mismatch" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 
CTTGCTAT 8 

(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
50 (D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "2'-0~methyl oligonucleotide" 



55 
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(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_base= cm 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /raod_base= urn 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /mod_base= um 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /rnod_base= gm 

(ix) FEATURE: 

(A) NAME /KEY : modif ied_base 
20 (B) LOCATION: S 

(D) OTHER INFORMATION: /mod_baae= cm 

( ix ) FEATURE : 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 6 

25 (D) OTHER INFORMATION: /mod_baae= urn 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod_base« OTHER 

/note= " 2 * -o-raethy 1 adenosine" 

(ix) FEATURE: 

(A) NAME /KEY: modif iedjbase 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /raod_base= urn 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..8 

(D) OTHER INFORMATIONS /note= "2 '-O-methyl oligonucleotide 

analogue probe with 1 base mismatch" 



30 



35 



40 



45 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
NNNNNNNN 

(2) INFORMATION FOR SEQ ID NO: 14; 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 
so (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



55 
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(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 10 

<D) OTHER INFORMATION: /mod_base= OTHER 

/note* W N « cytosine covalently 
modified at the 3 ' phosphate group, with 
a hexaethyieneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 
AAGATGNTAN 10 



(2) INFORMATION FOR SEQ ID NO: 15: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 10 

2 5 (D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = cytosine covalently modified 
at the 3' phosphate group with a 
hexaethyieneglycol (HEG) linker" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
AAGATNCTAN , 10 

<2) INFORMATION FOR SEQ ID NO: 16: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

4° (ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 10 

45 (D) OTHER INFORMATION: /mod_base« OTHER 

/note= "N = cytosine covalently modified 
at the 3' phosphate group with a 
hexaethyieneglycol (HEG) linker" 

50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

AAGANGCTAN 10 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

<ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /modj3ase= OTHER 

/note« W N - cytosine covalently modified 
15 at the 3' phosphate group with a 

hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
20 AAGNTGCTAN 10 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 20 base pairs 

<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 



35 



(ii) MOLECULE TYPE: DNA 

( ix ) FEATURE : 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= **N - cytosine covalently modified 
at the 5' phosphate group with a 
fluorescein molecule" 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
NTGAACGGTA GCATCTTGAC 20 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
45 (A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



40 



50 



(ii) MOLECULE TYPE: DNA 
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(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 11 

(D) OTHER INFORMATION: /rood_base~ OTHER 

/note= W N « adenine covalently modified 
at the 3' phosphate group with a 
hexaethyleneglycol (HEG) linker" 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
AAAAANAAAA N 11 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B ) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 1 

25 <D) OTHER INFORMATION: /mod_base= OTHER 

/note= W N = thymine covalently modified 
at the 5* phosphate group with a 
fluorescein molecule** 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
NTTTTGTTTT T 11 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

40 (Li) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modif iedjbase 

(B) LOCATION: 10 

45 (D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = cytosine covalently modified 
at the 3 ' phosphate group with a 
hexaethyleneglycol (HEG) linker" 

SO (xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

CGCGCCGCGN 10 
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(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc «= n 2 '-deoxynuc leo side/ nucleo side 
10 analogue decanucleotide probe- 



rs 



35 



40 



( ix ) FEATURE : 

(A) NAME/KEY: modif iedjbase 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_base= OTHER 

/notes «n = 2 '-deoxyadenosine'* 



(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 
(BJ LOCATION: 3 

<D) OTHER INFORMATION: /mod_base= OTHER 
20 /note= "N = 2 ' -deoxyadenosine" 

(ix) FEATURE: 

(A) NAME /KEY: modif iedjbase 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod_base= OTHER 
25 /note- " N = 2 ' -deoxy adenosine" 

(ix) FEATURE: 

(A) NAME /KEY: modified base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod_base= OTHER 
30 /note= "N = 2 '-deoxy adenosine" 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = 2'-deoxyadenosine H 



( ix ) FEATURE : 

(A) NAME /KEY: modif iedbase 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /modjaase^ OTHER 

/note= "M <= 2 ' -deoxy adenosine covalently 
modified at the 3' phosphate group with 
a hexaethyleneglycol (HEG) Linker" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
45 NTNTNNTNTN 10 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 
50 (A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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10 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /deac » "2 '-deoxy nucleoside/ nucleoside 
analogue decanucleotide probe 4 * 

<ix) FEATURE « 

(A) NAME/KEY: modified base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= B N ■* 2 '-deoxyadenosine* 

(ix) FEATURE : 

(A) NAME/KEY: modified base 
<B) LOCATION: 2 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note^ H N ~ S-propynyl-2 '-deoxyuridine" 

(ix) FEATURE: 

(A) NAME/KEY: modif iedjaase 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /raod_base= OTHER 

/note= W N = 2 '-deoxy adenosine" 

20 (ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= ** N = 5-propynyl-2 '-deoxyuridine* 



15 



25 



(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 5 

(0) OTHER INFORMATION: /mod_base= OTHER 

/note* "N •= 2 '-deoxyadenosine" 

(ix) FEATURE: 
30 (A) NAME /KEY: modif ied_base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= **N = 2 '-deoxyadenosine" 

(ix) FEATURE: 
3S (A) NAME /KEY: modif iedjbase 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /raod_baae= OTHER 

/note= "N = 5-propynyl-2 '-deoxyuridine* 

(ix) FEATURE: 

(A) NAME /KEY: raodif ied_base 
40 (B) LOCATION: 8 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = 2 '-deoxyadenosine" 

(ix) FEATURE 2 

(A) NAME/KEY: modif ied_base 
45 (B) LOCATION: 9 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = 5-propynyl-2'-deoxyuridine H 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 10 

50 (D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = 2 '-deoxyadenosine covalently 
modified at the 3 ' phosphate group with 
a hexaethyleneglycoi (HEG) linker" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
NNNNNNNNNN 10 

5 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
w (B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "2 ' -deoxynucleoside/nucleoside 
15 analogue decanucleotide probe" 



(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: I 

20 (D) OTHER INFORMATION: /raod_baee= OTHER 

/note= "N = 2-amino-2 ' -deoxyadenoeine" 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 3 

25 (D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = 2-amino-2 '-deoxy adenosine " 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 5 

30 (D) OTHER INFORMATION: /mod_base= OTHER 

/note= **N = 2-amino-2' -deoxy adenosine" 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 6 

35 (D) OTHER INFORMATION: /mod_base= OTHER 

/note= **N = 2-amino-2'-deoxyadenosine ,, 

(ix) FEATURE: 

(A) NAME/KEY: modif iedjbase 

(B) LOCATION: 8 

40 (D) OTHER INFORMATION: /mod_base= OTHER 

/note= W N « 2 -amino-2 '-deoxy adenosine" 

( ix ) FEATURE : 

(A) NAME /KEY: modif iedbase 

(B) LOCATION: 10 

45 (D) OTHER INFORMATION: /modbase= OTHER 

/note- "N = 2-amino-2 '-deoxy adenosine 
covalently modified at the 3' 
phosphate group with a 
hexaethyleneglycol (HEG) linker** 



50 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
NTNTNNTNTN 10 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "2 '-deoxynucleoside/nucleoside 
analogue decanucleotide probe" 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_baee= OTHER 

/note= ** N = 2 -amino- 2 '-deoxy adenosine" 



15 



30 



(ix) FEATURE: 

(A) NAME /KEY: modif iedbase 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /mod_base= OTHER 
20 /note= "N = 5-propynyl-2 ' -deoxyuridine" 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = 2-amino-2 '-deoxyadenosine" 

25 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_baee 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod_baee= OTHER 

/note*= "N = 5-propynyl-2 '-deoxyuridine" 

(ix) FEATURE : 

(A) NAME/KEY: modif ied_baee 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod_baBe= OTHER 

/note- "N = 2-amino-2'-deoxyadenosine" 

55 (ix) FEATURE: 

(A) NAME/KEY: modif ied_baae 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod_baBe= OTHER 

/note= **N = 2-amino-2'-deoxyadenosine H 

40 (ix) FEATURE: 

(A) NAME/KEY: modif ied_baee 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod_baee= OTHER 

/note= "N ~ 5-propynyl-2'-deoxyuridine M 

(ix) FEATURE: 
45 (A) NAME/KEY: modif ied_base 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N ~ 2 -ami no- 2 '-deoxy adenosine " 



50 



(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 9 

(D) OTHER INFORMATION: /mod_ base= OTHER 

/note'e "N = 5-propynyl-2 ' -deoxyuridine" 
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(ix) FEATURE: 

(A) NAME/KEY: modif iedjaase 

(B) LOCATION: 10 
(D) OTHER INFORMATION 



/mod_base= OTHER 

/note= "N = 2~araino-2'-deoxyadenoBine 
covalently modified at the 3 # 
phosphate group with a 
hexaethyleneglycol (HEG) linker" 



10 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
NNNNNNNNNN 



10 



(2) INFORMATION FOR SEQ ID NO: 26: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

20 

(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME /KEY : modif ied_base 
25 ( B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note« "N « thymine covalently modified 
at the 5' hydroxyl group with a 
fluorescein molecule" 

30 (ix) FEATURE: 

(A) NAME/ KEY: modif iedjoase 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N « thymine covalently modified 
at the 3* phosphate group with a 
35 hexaethyleneglycol (HEG) linker which ia 

covalently bound to the 5' phosphate 
group of the 5' guanine (N in pos. 1) of 
SEQ ID NO:27" 

40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

NATATTATAN 10 



(2) INFORMATION FOR SEQ ID NO: 27: 

45 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

SO 

(ii) MOLECULE TYPE: DNA 
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(ix) FEATURE: 

(A) NAME/KEY: raodif ied_base 

(B) LOCATION: 1 
(D) OTHER INFORMATION! 



10 



/mod_base= other 
/note* "N = guanine covalently modified 
at the 5' phOBphate group with a 
hexaethyleneglycol (HEG) linker which is 
covalently bound to the 3' phosphate 
group of the 3' thymine (N in poo* 10) 
of SEQ ID NO: 26" 



15 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
NCGCGGCGCG 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IS base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: singLe 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA 



10 



25 



30 



35 



(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 6.. 10 

(D) OTHER INFORMATION: /mod_base= OTHER 

/note= "N = guanine (G), 

2 * , 3 * -dideoxyguanine ( ddG ) , 

2 '-deoxyinoeine (dl) or thymine (T) H 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 

(B) LOCATION: 15 

(D) OTHER INFORMATION: /rood_base= OTHER 

/note= "N = cytosine covalently modified 
at the 5' phosphate group with a 
hexaethyleneglycol (HEG) linker" 



40 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
TGGGCNNNNN TTGTN 



15 



(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
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(ix) FEATURE: 

(A) NAME/KEY: modified base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod_base= OTHER 

/notes "N «= cytosine covalently modified 
at the 5' phosphate group with a 
fluorescein molecule" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
NAATACAACC CCCGCCCATC C 21 



15 

Claims 

1 . A composition comprising an array of oligonucleotide analogues attached to a solid substrate. 
20 2. A composition of claim 1 , wherein either:- 

(a) said array of oligonucleotide analogues comprises a nucleoside analogue with the formula 

Y 

HO 



25 



30 




35 



40 



wherein: 



R 1 is selected from hydrogen, methyl, hydroxy, alkoxy, alkylthio. halogen, cyano, and azido; 
R 2 is selected from hydrogen, methyl, hydroxy, alkoxy, alkylthio. halogen, cyano, and azido; and 
Y is a heterocylic moiety; or 

(b) said array of oligonucleotide analogues comprises a nucleoside analogue with the formula 



45 



50 



55 




wherein: 



R 1 is selected from hydrogen, hydroxy!, methyl, methoxy, ethoxy, propoxy, allyloxy, propargyloxy, Fluorine, 
Chlorine, and Bromine; 

R 2 is selected from hydrogen, hydroxy!, methyl, methoxy, ethoxy, propoxy, allyloxy, propargyloxy, Fluorine, 
Chlorine, and Bromine; and 

Y is a base selected from purines, purine analogues, pyrimidines, pyrimidine analogues, 3-nitropyrrole and 
5-nitroindole. 
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3. A composition of claim 1, wherein said array of oligonucleotide analogues comprises a nucleotide with a base 
selected from 7-deazaguanosine, 2-aminopurine, 8*za-7-deazaguanosine, 1H-purine, and hypoxanthine. 

4. A composition comprising an oligonucleotide analogue array synthesised on a solid substrate, wherein said syn- 
5 thesis is performed by lighMirected chemical coupling or by flowing oligonucleotide analogue reagents over pre- 
determined regions of the solid substrate; optionally wherein said solid substrate is derivitised with a silane reagent 
prior to synthesis of said oligonucleotide analogue. 

5. A method of improving the hybridisation of a nucleic acid to an oligonucleotide array, comprising incorporating a 
w base selected from 7^eazaguanosine, 2-aminopurine, 8-aza-7-deazaguanosine, IH^urine, and hypoxanthine 

into the oligonucloetides of the array; optionally wherein the oligonucleotide is a homopolymer. 

6. A method of determining if a target molecule is complementary to a probe, comprising the steps of: 

15 (a) synthesising an oligonucleotide analogue array on a solid substrate; 

(b) exposing said oligonucleotide analogue array on said solid substrate to a target nucleic acid, optionally after 
amplification of said target nucleic acid; and 

(c) determining whether an oiigonudoetide analogue member of said oligonucleotide analogue array binds to 
said target oligonucleotide. 



20 
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7. 



30 



A method of claim 6 wherein said target nucleic acid is selected from genomic DN A, cDNA, unspliced RNA mRNA 
andrRNA. 

A composition comprising an array of oligonucleotide probes hybridised to a target nucleic acid, which target 
nucleic acid comprises a nucleotide analogue; optionally wherein the target nucleic acid is a PCR amplicon. 

A method of detecting a target nucleic acid, comprising enzymatically copying the target nucleic acid using nucle- 
otides which comprise a nucleotide analogue, thereby producing a nucleic acid analogue amplicon, and hybridising 
the nucleic acid amplicon to an oligonucleotide array. 

1 0. A method of claim 9, wherein the oligonucleotide array comprises an oligonucleotide analogue probe which is com- 
plementary to the nucleic acid analogue amplicon. 
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adenine vs. 2,6-diamtnopurine in 
3'-CATCGTAGAA-5 T 
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Substitution A->D in AAAAANAAAAA 




Figure 4 
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Effect of A->D and T->P substitution on hybridization to 
ATATAATATA (open) vs. CGCGCCGCGC (solid); hybridization 
time s 3 hr & 20 hr @ 22°C 
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BASE COMPOSITION (O = 2-aminoadenine, P = 5 
propynyluracii) 
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FIGURE C: Effect of dl & 7-dea2a-dG substitution in 3'« 
ATGTT(G1 G2G3G4G5)CGGGT-5' 
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